Data on the Red Angus, Angus and Hereford herds of Pioneer Hi-Bred International, Inc., Des Moines, Iowa, collected from 1968 to 1976, were analyzed for relationships among gestation length, birth weight, prenatal gain (birth weight adjusted for gestation length), growth traits and age at first calving. A total of 5,691 calf records, 1,783 listing gestation length, were included in the study. Paternal half-sib analyses and least-squares procedures were used to compute heritability estimates and genetic, environmental and phenotypic correlations among traits. Genetic correlations among growth traits, including prenatal gain, were high in all cases. Heritability estimates for gestation length and birth weight were .36 and .43, respectively, for bull calves and .37 and .35 for heifer calves. Genetic correlations between these traits were .25 and .22 for bull and heifer calves, respectively, Gestation length was negatively correlated (genetically) with all growth traits except birth weight. This result suggests that faster growing fetuses may trigger parturition earlier than average. Age at first calving was negatively correlated (genetically) with growth traits, indicating a favorable relationship between growth and early reproduction. Analysis of several selection indexes combining either birth weight and yearling weight or gestation length and yearling weight indicated that continued response to selection for growth without excessive increase in birth weight is feasible. Selection for growth and moderate birth weight would be more effective than selection for growth and shorter gestation, suggesting that the former method would both shorten gestation and alter the growth curve. Repeatability estimates for gestation length and birth weight were .20 and .22, respectively. Maternal effects accounted for approximately 10% of the variation in each trait.
Introduction
Calving difficulty is a major source of economic loss to the beef cattle industry (Brinks et al., 1973) . It results not only in the loss of calves and their dams, but also in lower weaning weights of calves and decreased reproductive performance of cows. Birth weight of the calf has been shown to be the single most important factor affecting calving difficulty (Bellows et al., 1971) . Birth weight is, however, positively associated with growth traits (Woldehawariat et al., 1977) .
The central objectives of this study were: 1) to examine the genetic, environmental and phenotypic relationships among gestation length, birth weight and growth traits and 2) to determine the feasibility and desirability of selection for shorter gestation as a means of controlling birth weight yet optimizing growth. Secondary objectives were to quantify the direct genetic and maternal influences on gestation length and birth weight, and to clarify the relationships between the above traits and early reproduction in females.
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Materials and Methods
Data. Data for this study were obtained from the Beef Cattle Division of Pioneer Hi-Bred International, Inc., Des Moines, Iowa. Records on 5,691 purebred Red Angus, Angus and Hereford calves representing 152 sires and 543 JOURNAL OF ANIMAL SCIENCE, Vol. 55, No. 3, 1982 9 yr, 1968 to 1976 analyzed. Of these, 1,783 listed gestation length.
The three breeds were maintained in separate herds, but in close proximity to each other. Nutritional regimen and breeding program for the herds were kept as alike as possible. Bull calves of all three breeds were evaluated for postweaning gain at a common location. Calves were born in the spring and fall; the majority in spring. Spring calves were creep-fed from shortly after birth until the beginning of August, at which time daughter-dam pairs were removed to pastures without creeps. Creep feeding of bull calves continued until weaning. Fall calves of both sexes had continuous access to creep feed.
Cows were bred by artificial insemination (AI) for 21 d, after which there was a 42-d period when cows were exposed to a bull. Heifers were, as a rule, bred naturally. Gestation lengths of calves from all naturally bred females were determined from observed breeding dates. Matings were made on a nearly random basis, except that sire-daughter, mother-son and full-sib matings were avoided. Sire selection was based upon a combination of yearling performance, primarily 365-d weight and 140-d gain, and visual evluation for soundness, scale, fat and muscling. Females were selected on the basis of first calf performance and subsequent fertility and soundness, and to a lesser extent for own performance. The data for this study were discussed in more detail by Bourdon (1980) . Traits of the calf examined were gestation length, birth weight, 283-d prenatal gain (birth weight adjusted to 283 d gestation), 205-d weight, 205-d gain to weaning, 365-d weight, 365-d gain to yearling, 160-d postweaning gain and age at first calving. Adjustments for age of calf and length of postweaning feed test were made using individual growth measurements prior to statistical analysis. Adjustment factors for prenatal gain were developed from regression of birth weight on gestation length (Bourdon, 1980) . The statistical models included the effects of breed, year-season, age of dam and sex of calf. Gestation length and birth weight were also considered as traits of the cow in a separate analysis.
Statistical Analyses. Least-squares procedures as described by Harvey (1976) were used. The model for paternal half-sib analyses of traits of the calf was:
where YijkQm represents the observed value for the mth calf by the jth sire within the i th breed-herd in the k th year-season from a cow of the ~th age of dam class. The overall mean common to all observations and the random error associated with each observation are represented by At and eijk~n, respectively. Effects of sires within breed-herd (S/Bij) and residual error (ei~n) were assumed to be randomly and independently distributed, with mean zero and variances Os2 and Oe ~, respectively. The model was reparameterized so that the sum of effects equalled zero. All effects were considered fixed, with the exception of sires within breed-herd, which were treated as fixed computationally, but considered random when equating expectations of reductions to their sums of squares. In analyses of age at first calving, the continuous linear effect of age at first exposure to a bull was included in the model. Addition of this covariate was necessitated by the advantage in age at first calving for heifers born late in the calving season and by confounding of sires with the birth dates of their daughters, since not all sires were represented by A1 calves. Because of anticipated interactions of sex of calf with other main effects and probably differences in genetic parameters for hiefers and bulls, sexes were analyzed separately.
The model used to analyze gestation length and birth weight when these variables were considered as traits of the cow was: Yijk~mn = At + Bi + C/Bij + YSk + A~ + Sm + eijkP.mn, where Yijkgann represents the observed value of the n th calf of the m th sex out of the jth cow within the i th breed-herd and the ~th age of dam class in the k th year season. Effects of cows within breed-herd (C/Bij) and residual error (eijk~mn) were assumed to be randomly and independently distributed, with mean zero and variances Oe2 and Oe 2, respectively. The model was reparameterized so that the sum of effects equalled zero. Cows within breed-herd were treated as fixed computationally, but considered random when equating expectations of reductions to their sums of squares.. All remaining effects were treated as fixed.
Results and Discussion
Means. Least-squares means, standard errors and phenotypic standard deviations for traits analyzed by the paternal half-sib method are presented in tables 1 (bulls) and 2 (heifers). Year-season means have been omitted for brevity. The effect of breed-herd was significant for all traits, except prenatal gain of males and prenatal gain and yearling traits of females. Red Angus had the shortest gestations, but were similar in birth weight to the Angus. Herefords were characterized by longer gestations, heavier birth weights and lighter weaning weights than Angus or Red Angus. Red Angus were the youngest at first calving, followed by Angus and Herefords, respectively.
Differences among sires within breed-herd were a significant source of variation for all traits except age at first calving, indicating some degree of genetic control. The effect of yearseasons was significant in virtually all cases. Seasonal differences in growth traits existed, usually with an advantage for spring calves. The only trait exhibiting a clear trend over the years was birth weight, which increased fairly consistently.
Age of dam significantly affected all traits except postweaning gain and age at first calving. Increases in age-up to and including the 5-to 10 yr-old group-were associated with longer gestations, heavier birth weights and larger weights and gains (postweaning gain excepted). Calves from cows 11 yr of age and older were characterized by average gestations, low birth weights and intermediate gains. Woldehawariat et al. (1977) for these traits. Weaning traits were more heritable in heifers than in bulls, although the differences were not marked. Pahnish et al. (1963) also reported higher values for heifers than bulls. Heritability estimates for yearling weight and gain to yearling were also high (.65 -+ .10 to .73 -+ .11), presumably a carry over effect caused by the part-whole relationship between weaning and yearling traits. Accompanying these high heritabilities were strong genetic correlations among growth periods. While no conclusive explanation for these results is available, circumstances strongly suggest that long term creep feeding and a generally favorable nutritional environment may have been the chief causes. By reducing maternal environmental variation, creep feeding could conceivably increase the proportion of total variation in weaning traits due to additive genetic effects, and thus increase heritability. Breeders interested in maximizing the accuracy of selection for growth traits may want to consider creep feeding, though any decision to creep feed should be weighed against the possible loss of information on maternal ability. An alternative explanation for high heritabilities is that the use of AI and sires to which cows were exposed after AI may have introduced a partial confounding of sires and a seasonal effect not adequately accounted for by the model. If such confounding did occur, then sire components of variance were probably biased upwards. Heritability estimates for gestation length (.36 + .10 for bulls and .37 + .11 for heifers) were similar to those compiled by Andersen and Plum (1965) , but were smaller than the value (.48) reported by Burfening et al. (1978) for Simmentals. Heritability estimates for birth weight (.43 + .07 and .35 -+ .06) were close to the average estimate (.45) listed by Woldehawariat et al. (1977) . Phenotypic correlations between these two traits (.32 and .31) agreed closely with those reported by Andersen and Plum (1965) , but the genetic correlations (.25 + .26 and .22 + .24) were smaller than that (.30) obtained by Burfening et al. (1978) .
The genetic correlation between gestation length and adjusted prenatal gain was negative. This suggests that the birth process is initiated at an earlier stage of gestation among faster growing than slower growing fetuses. The phenotypic correlation between these traits was essentially zero. This result was expected, since prenatal gain was not measured directly, but was based on a residual from birth weight regressed on gestation length. A negative genetic correlation between gestation length and prenatal growth rate indicates that the relationship between gestation length and birth weight is twofold. The two traits are positively related, because a longer gestation provides more time for the fetus to gain weight. However, the overall correlation between the traits is reduced somewhat because of the negative indirect effect of gestation length on birth weight via prenatal growth rate. Genetic correlations between gestation length and postnatal growth traits were also negative, a result attributable to the negative association between gestation length and prenatal growth combined with a positive relationship between prenatal and postnatal growth.
Environmental correlations between weaning traits and gain after weaning were consistently negative, indicating some environmentally caused compensatory growth. In females, this effect resulted in a slightly negative phenotypic correlation (-.10) between preweaning and postweaning gain, although genetic correlations remained positive in all cases.
The heritability estimate for age at first calving was low (.07 + .09). The genetic correlation between gestation length and age at first calving was uninterpretable, probably because inclusion of age at first exposureto a bull as a covariate was inappropriate for the analysis of gestation length (gestation length and exposure age are necessarily negatively correlated since shorter gestations are associated with earlier calving dates). Genetic correlations between age at first calving and growth traits were consistently negative, indicating a favorable relationship between breeding values for growth and early reproduction.
Response to selection. The direct and correlated response expected from single-trait selection for shorter gestation, lower birth weight and higher weights and gains is summarized in table 4. The genetic parameter estimates used were those calculated for males, because selection intensity is much greater in males than in females. One standard deviation of selection differential was assumed. Values for response are given in actual units of measurement and standard deviation units, and as a ratio of correlated to direct response.
Selection for growth, and for yearling weight in particular, would be very effective in improv- 
~~
ing all growth traits, reflecting the genetic correlations among these traits in these data. Selection for yearling weight would be almost (96%) as effective as direct selection for improving weaning weight, and more (105%) effective than direct selection for improving postweaning gain. However, an increase in birth weight of 1.8 kg/generation could be expected from direct selection for yearling weight. This value represents 90% of the response expected if higher birth weights were selected for exclusively. These estimates for correlated increase in birth weight are somewhat greater than other estimates in the literature (Shelby et al., 1963; Brinks et al., 1964) . However, the implication is clear that if selection is directed strictly at growth, birth weight will increase rapidly. Gestation length would be expected to decrease with selection for growth on the o~der of .5 d/generation. This result indicates that gestation length may be growing shorter in many performance herds. Selection for gain vs weight has been proposed as a means of limiting correlated response in birth weight while maintaining a high rate of response in growth traits. Results of the present study indicate that, although selection for gain from birth to yearling would require almost no sacrifice in yearling weight, correlated response in birth weight would be reduced by only 9% compared with that expected if yearling weight were the selected trait. Selection for gain to yearling is, therefore, not a complete solution to the problem of rising birth weights.
If lower birth weight were to be selected for exclusively, rapid progress would be expected. However, serious declines in growth traits could be anticipated. Selection for shorter gestation, on the other hand, would cause birth weight to decrease, yet allow modest improvement in postnatal growth. Practical considerations in the measurement of gestation length aside, selection for shorter gestation might be appropriate in instances in which superior growth is already well established in a population, and an effort is being made to improve such maternal characteristics as calving ease and fertility.
Clearly, some form of combined selection holds the most promise for optimizing both birth weight and subsequent growth. Estimates of genetic correlations with three selection indexes and of correlated response expected from selection for those indexes are presented in table 5. The indexes provide a mathematically convenient way of describing the consequences of combined selection.
The first index, I = yearling weight -3.2 birth weight, is that proposed by Dickerson et al. (1974) . According to these authors, selection for this index would cause birth weight to increase at about 44% of the rate anticipated by selection for yearling weight, yet would depress improvement in yearling weight by only 10%. In their data, a 25% reduction in the rate of increase in mature weight was also expected. With parameter estimates from the present study, selection using the Dickerson index would decrease the rate of response in yearling weight by 12 % in comparison with that expected from direct selection for yearling weight. Correlated response in birth weight would be reduced 37% by selecting for the index instead of for yearling weight. These results are less optimistic than those obtained by Dickerson et al. (1974) , and reflect the higher genetic correlation between birth weight and yearling weight in these data. Birth weight would still increase at a rate of 1.1 kg/generation. Whether this increase is tolerable depends a great deal on the individual breeder's objectives and management. Certainly 1.1 kg/generation is an improvement over 1.8 kg/generation produced when birth weight is ignored. Gestation length would decrease with index selection. Clearly, the index limits response in birth weight partly by reducing gestation length.
The second and third indexes, I = yearling weight -7.82 birth weight and I --yearling weight -49.76 gestation length, respectively, were designed to maintain birth weight at a constant level, i.e., to produce no correlated response in birth weight. The second index, and to a lesser extent the last one, can be thought of as parallel methods to the use of an independent culling level for birth weight. The condition that birth weight remain constant is likely to be more restrictive than is desirable because it would result in less response in economically important growth traits than would be the case if some increase in birth weight was permitted. It is used here chiefly for purposes of illustration.
Selection for the index combining yearling weight and birth weight I = YW -7.82 BW, would cause yearling weight to increase at slightly over one-half the rate achievable by direct selection for yearling weight. Such a result may seem discouraging, but it at least points out the feasibility of improving growth As might be expected from the size of the coefficient for gestation length, the third index, I = YW -49.76 GL, limits response in birth weight primarily by reducing gestation length. Correlated response in yearling weight when selection was for this index would be pooronly 29% of that expected from direct selection for yearling weight.
Comparison of the two indexes that hold birth weight constant indicates that the index including birth weight was more effective in increasing postnatal growth than was the index containing gestation length. (In fact, the former index was only slightly less effective in this regard than the optimal index, which included all three traits, I --YW -7.4 BW --2.7 GL.) Both indexes resulted in shorter gestation, but the index combining yearling weight and birth weight also had the capability of selecting individuals whose birth weight was acceptable for reasons other than short gestation. This index made possible selection both for shorter gestation and for an altered growth curve; one with a more gradual prenatal slope and steeper postnatal slope. Thus, it appears that unless shorter gestation is desired for its own merits, inclusion of gestation length in a combined selection scheme would be ineffective. The better method would be to select for postnatal growth and acceptable birth weight.
Repeatability and Maternal Effects. Components of variance among and within cows for gestation length and birth weight, when these traits were considered traits of the cow, are presented in table 6. Repeatability estimates of .20 -+ .03 and .22 + .02 for gestation length and birth weight, respectively, agree closely with those reported by Wheat and Riggs (1958) , rGL = .21; DeFries et al. (1959), rGL = .19; and Woldehawariat et al. (1977) , rBW = .27. The repeatability estimates for gestation length and birth weight (traits of the cow) are low relative to the heritability estimates for these same o~ ( where V A is the variance due to the additive genetic effects of the calf, V M is variance due to maternal effects, COVAoAm is the covariance of additive direct and additive maternal effects and VTE is the temporary environmental variance among calves from the same dam. These relationships oversimplify the true situation, but must suffice here. COVAoAm was not calculated from these data and was assumed zero in the absence of convincing evidence to the contrary in the literature. A recent study by Burfening et al., (1981) using Simmental data indicated negative values for COVAoAm , --1.22 and -.69 for gestation length and birth weight, respectively. If COVAoAm is indeed negative, then OD 2 has been biased downward in this study and maternal effects have been underestimated.
Estimates for the causal components and percentages of total variance are listed in table 7. For both gestation length and birth weight, roughly 40% of the phenotypic variance was attributable to additive genetic effects, 10% to maternal effects and the remaining 50% was unaccounted for. These results indicate that genotype of the calf is three to four times more important than maternal influence in its effect on either gestation length or birth weight.
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